Introduction
Approximately one-half of patients with heart failure (HF) have a preserved ejection fraction (HFpEF). 1 Outcomes are poor in HFpEF, and there is no proven effective treatment. While disease paradigms have traditionally focused on pathological changes affecting the left ventricle in HFpEF, 2 recent studies have shown that a significant number of patients also display right ventricular (RV) dysfunction (RVD), and patients with this phenotype suffer from high morbidity and mortality. [3] [4] [5] [6] [7] [8] [9] [10] The natural history, predictors and prognostic impact of incident RVD in HFpEF are undescribed, as current understandings are based exclusively on cross sectional data. [3] [4] [5] [6] [7] [8] [9] [10] Characterization of the natural history of RV structure and function in HFpEF, as well as the underlying mechanisms and risk factors causing RVD is necessary to improve pathophysiological understanding and inform the development of strategies for treatment and prevention. Accordingly, we examined chronic changes in RV structure and function in patients with invasively-proven HFpEF to characterize the incidence of RVD, identify its predictors, and determine whether development of RVD predicts outcome in HFpEF.
Methods

Study population
Subjects undergoing coronary angiography with or without exercise right heart catheterization at the Mayo Clinic were examined to identify patients with unequivocal evidence of HFpEF, defined by clinical symptoms of HF (exertional dyspnoea, fatigue), ejection fraction (EF) > _50%, and either previous HF hospitalization for pulmonary oedema that resolved with diuretics, or directly measured elevation in left heart filling pressures (pulmonary capillary wedge pressure, PCWP) at rest (>15 mmHg) and/or with exercise (> _25 mmHg). 11, 12 To ensure the specificity of HFpEF diagnosis for the purposes of this analysis, patients with HFpEF diagnosed based upon echo-Doppler or natriuretic peptide-based criteria alone were not included. Patients with reduced EF (EF < 50%), significant valvular heart disease (>moderate left-sided regurgitation, >mild stenosis), significant pulmonary parenchymal disease, recent acute coronary syndrome [left ventricular (LV) and RV infarction] prior to Exam 1 or between Exams 1 and 2, constrictive pericarditis, high output HF, or cardiomyopathy were excluded. From this group, patients with two or more echocardiographic evaluations in a compensated (outpatient) state that were performed minimum of >6 months from one another (Exams 1 and 2) were identified. When patients had multiple echocardiograms after Exam 1, the most recent study (distant from Exam 1) was used as Exam 2. Patients that developed acute coronary syndrome between Exams 1 and 2 were excluded.
In a secondary analysis, control subjects free of HF (n = 27) who were referred to exercise catheterization during the same period were included as a comparator group to provide perspective on longitudinal changes in RV structure and function in the absence of HF. The control subjects were required to display no cardiac abnormalities as determined by comprehensive clinical evaluation, imaging and invasive assessment, including normal rest and exercise PCWP (criteria above). The Mayo Clinic Institutional Review Board approved the study and the authors had full access to the data and take responsibility for its integrity.
Clinical assessment
Clinical history, laboratory data, and current medications were collected from detailed chart review. Atrial fibrillation (AF) was identified and classified as paroxysmal for episodes lasting <7 days and persistent for episodes of > _7 days duration as verified by electrocardiography. Coronary artery disease (CAD) was defined by angiographic stenosis >50% in at least one epicardial coronary artery, previous myocardial infarction, or any previous revascularization.
Assessment of cardiac structure and function
Echocardiography was performed according to the American Society of Echocardiography guidelines. 13 Left ventricular volumes and mass were determined by two-dimensional echocardiography. Left ventricular systolic function was assessed by EF and the systolic mitral annular tissue velocity at the septal annulus (mitral s 0 ). Left ventricular diastolic function was assessed using the early diastolic mitral inflow velocity (E), early diastolic septal mitral annular tissue velocity (e 0 ), and the ratio of E/e 0 . Left atrial (LA) volume was determined by the biplane method of disks and indexed to body surface area. Stroke volume (SV) was determined from the LV outflow dimension and pulse wave Doppler profile. Cardiac output (Qc) was calculated from the product of heart rate and SV. Right heart measurements were performed in a blinded fashion by an experienced investigator (M.O.) in accordance with the current guidelines.
14 Right ventricular basal dimension and area were measured at end-diastole using RV focused views. Right ventricular systolic function was assessed by fractional area change (FAC), which was obtained in all participants. 8 As a sensitivity analysis to complement the primary study findings based upon FAC, RV deformation analyses were performed offline with commercially available software from RV focused views as previously described (Syngo, Siemens Medical Solutions, Munich, Germany). 8, 15 The average values of peak longitudinal systolic strain obtained from all segments of the free wall and septal wall of the right ventricle and only from the free wall were defined as RV global longitudinal strain (RV GLS) and RV free wall longitudinal strain (RV FWLS), respectively. Right ventricular measurements represent the mean of 3 beats. and are expressed as absolute values. Right ventricular dysfunction was defined by FAC <35%. 3, 8, 14 Systolic tissue velocity at the lateral tricuspid annulus (tricuspid s 0 ) and tricuspid annular plane systolic excursion were not systematically obtained in the majority of patients and were therefore not included. Right atrial (RA) area was measured in the apical four-chamber view at end-systole. Right atrial pressure was estimated from the diameter of inferior vena cava (IVC) and its collapsibility during inspiration, scored as 5 [normal sized IVC (<1.7 cm) with normal inspiratory collapse (>50%)], 10 (borderline/dilated IVC with normal collapse), 15 (dilated IVC with >25% collapse), or 20 mmHg (dilated IVC with minimal or no collapse). Right ventricular systolic pressure (RVSP) was calculated as [4 Â peak tricuspid regurgitation (TR) velocity] þ estimated RA pressure.
14 Tricuspid regurgitation severity was assessed based on qualitative estimation, as none/trivial, mild, moderate, or severe, respectively.
Invasive haemodynamics
Right heart catheterization was performed at the time of Exam 1 in a subset of patients as previously described. 11, 16, 17 Pressures in the RA, pulmonary artery (PA), and PCWP were measured at end expiration (mean of > _3 beats). Transpulmonary gradient (TPG) was calculated as PA mean pressure -PCWP and pulmonary vascular resistance (PVR) was calculated by the quotient of TPG and Qc, and PA compliance was determined as the ratio of SV to PA pulse pressure.
18,19
Outcome assessment Univariable and multivariable logistic regression analyses were used to examine independent association between baseline parameters and the development of RV dysfunction. Mortality rates were assessed using Kaplan-Meier curve analysis, and univariable and multivariable Cox proportional hazards models were used to assess the independent prognostic power.
Results
Baseline characteristics
A total of 271 HFpEF subjects met inclusion criteria for the study (Supplementary material online, Figure S1 ). Of this cohort, RV deformation analysis could be performed in 205 patients (76%). At Exam 1, subjects with HFpEF were older aged and obese and had typical comorbidities such as hypertension, AF, and CAD, representing a typical HFpEF population ( Table 1 ). More than half of patients were treated with neurohormonal antagonists. Biventricular filling pressures and PA pressures were elevated in HFpEF ( Table 1) .
Comparisons of clinical characteristics between HFpEF and controls are shown in Supplementary material online, Table S1 . As expected, subjects with HFpEF displayed impaired LV systolic and diastolic function, evidenced by decreased mitral tissue Doppler velocities, elevated E/e 0 ratio, and LA enlargement ( Table 2) . Mean FAC was preserved but 33 patients (12%) displayed RVD based on FAC at Exam 1 ( Figure 1A ). Right ventricular systolic pressure was slightly elevated and moderate or severe TR was present in 20% of patients.
Longitudinal changes in biventricular structure and function in heart failure with preserved ejection fraction Figure 2 ).
In contrast to the minor changes in LV structure and EF, RV structure and function worsened significantly in patients with HFpEF over time, with 20% increases in RV diastolic area and 10% decreases in RV FAC, resulting in a 2.5-fold increase in the prevalence of RVD in HFpEF ( Table 2 , Figures 1 and 2) . The RV FWLS and RV GLS also decreased significantly in the subset of HFpEF patients with analysable data. Proportional (percent) changes in RV FAC and RV basal diameter were significantly greater than proportional changes in LV EF and diastolic dimension, respectively (both P < 0.0001).
Right atrial area increased and the severity of tricuspid insufficiency worsened between Exams 1 and 2 in HFpEF, but there was no increase in RVSP in the HFpEF ( Table 2) . Accordingly, the relationship between RV function and RVSP shifted downward over time ( Figure 1C , Supplementary material online, Figure S2 ), identifying that the depression in RV function was due to increasing myocardial dysfunction rather than greater afterload mismatch from worsening pulmonary hypertension. Sensitivity analysis performed separately among patients with and without invasive assessment showed similar results (Supplementary material online, Table S3 ). ACEI, angiotensin-converting enzyme inhibitors; AF, atrial fibrillation; ARB, angiotensin-receptor blockers; HFpEF, heart failure with preserved ejection fraction; PA, pulmonary artery; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; RA, right atrial; TPG, transpulmonary gradient.
Comparison with longitudinal changes in controls
In the control group, there were no chronic changes in blood pressure, heart rate, LV structure, LV systolic or diastolic function, RV size, RV systolic function, RA size, RVSP, or RV-PA coupling over this interval (Supplementary material online, Table S4 ), and no control subject developed RVD during follow-up. Compared with controls, subjects with HFpEF displayed greater decrease in RV FAC ( Figure 1B and Supplementary material online, Table S4 ), greater RV and RA dilation, and greater increases in E/e 0 ratio. Worsening RV function in
HFpEF was intimately associated with greater RV remodelling, with no corresponding changes in controls ( Figure 1D ).
Association with the development of right ventricular dysfunction in heart failure with preserved ejection fraction
Of HFpEF patients with normal RV function at the Exam 1 (n = 238), 55 (23%) developed RVD by Exam 2, with a marked reduction in FAC in this group (48 ± 8% to 29 ± 5%, P < 0.0001). Table 3) . Treatment with loop diuretics at Exam 1 was associated with increased risk for developing RVD. There were no differences in LV systolic and diastolic function between HFpEF patients who developed RVD and those who did not at Exam 1 ( Table 3) . However, the development of RVD was associated with greater deterioration in both LV systolic and diastolic function during the follow-up period (Supplementary material online, Figure S3 ).
Among the subgroup of patients undergoing invasive haemodynamic evaluation, development of incident RVD was associated with higher RA pressure, PA pressures, and PCWP at Exam 1 ( Table 3) . Pulmonary capillary wedge pressure at the time of Exam 1 [odds ratio (OR) 1.98 per 1 SD, 95% confidence interval (CI) 1.25-3.29; P = 0.004] and PA mean pressure at the time of Exam 1 (OR 1.81 per 1 SD, 95% CI 1.15-2.80; P = 0.01) were each associated with the development of RVD in HFpEF. Elevated PVR at Exam 1 tended to increase risk of incident RVD, but this did not reach statistical significance.
Multivariable logistic regression analyses incorporating the strongest univariate variables associated with RVD revealed that higher body weight, CAD, prevalent AF, higher echocardiographic RVSP, and greater RV dilation were associated with development of incident RVD in patients with HFpEF ( Table 4) .
Incident atrial fibrillation and the development of right ventricular dysfunction in heart failure with preserved ejection fraction
The prevalence of persistent AF in HFpEF patients nearly doubled between Exams 1 and 2 ( Figure 3A) . Development of persistent AF was strongly and independently associated with incident RVD (Tables 3 and 4). Of the 204 HFpEF patients who were not in persistent AF at Exam 1, 54 (26%) developed new persistent AF. Heart rates were adequately controlled in this group (mean 68 ± 14 b.p.m. vs. 70 ± 14 in HFpEF with vs. without persistent AF, P = 0.6), and there were no differences in baseline RV systolic function in HFpEF patients who did and did not develop persistent AF (FAC, 49 ± 10 vs. 51 ± 8%, P = 0.2). However, HFpEF patients who developed persistent AF displayed greater reduction in RV function and more biatrial dilation than those who did not ( Figure 3B and C) . Development of new persistent AF was also associated with an increase in the prevalence of moderatesevere TR from 15% to 39% ( Figure 3D ).
Impact of development of right ventricular dysfunction on mortality in heart failure with preserved ejection fraction Figure 4A) . Of HFpEF subjects with normal RV function at baseline (n = 238), development of incident RVD was associated with increased mortality when compared with patients that maintained RV function ( Figure 4B) .
In an unadjusted Cox model, the development of RVD was associated with an 80% increased risk of death [hazard ratio (HR) 1.82, 95% CI 1.01-3.19; P = 0.04]. Development of RVD remained significantly associated with mortality after adjustment for other established risk factors associated with mortality in HFpEF, including age, body mass index, AF, ejection fraction, and E/e 0 ratio (adjusted HR 1.89, 95% CI 1.01-3.44; P = 0.04).
Discussion
This is the first study to examine how RV structure and function change over time in HFpEF. Over a median duration of just 4 years, patients with HFpEF displayed significant declines in RV systolic function that was coupled with adverse RV remodelling and dilatation. Importantly, these longitudinal changes in right heart structure and function greatly exceeded corresponding changes in the left ventricle. The presence of AF, coronary disease, greater body weight, higher PA and PCWP, and RV dilation at the index examination were identified as risk factors that associate with incident RVD. Interval development of persistent AF during the follow-up period was also associated with incident RVD, possibly mediated in part by greater biatrial dilation and worsening of tricuspid insufficiency. The development of RVD was associated with a nearly two-fold increased risk of ORs are expressed as per 1 SD increment. ACEI, angiotensin-converting enzyme inhibitors; AF, atrial fibrillation; ARB, angiotensin-receptor blockers; BP, blood pressure; CI, confidential interval; E/e 0 , the ratio of early mitral diastolic inflow velocity to early diastolic mitral annular velocity; HFpEF, heart failure with preserved ejection fraction; LA, left atrial; LV, left ventricular; OR, odds ratio; PA, pulmonary artery; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; RA, right atrial; RV, right ventricular; RVSP, right ventricular systolic pressure; SD, standard deviation; TPG, transpulmonary gradient; TR, tricuspid regurgitation. death in HFpEF, even after adjusting for other established risk markers. While traditional paradigms in HFpEF have emphasized the central role of left heart disease, the current longitudinal data reveal that proportionally greater changes in the right heart play a key role in the advanced stages of HFpEF, contributing to adverse outcomes (Take home figure) . Further study is required to test whether interventions targeting the risk factors identified for incident RVD, including unfavourable haemodynamics, heart rhythm, and comorbidities, can reduce the burden of RVD and improve outcomes in this patient population. (B and C) Heart failure with preserved ejection fraction patients who developed persistent atrial fibrillation displayed greater reduction in right ventricular fractional area change and more biatrial dilation than those who did not. (D) Development of incident persistent atrial fibrillation was associated with an increase in the prevalence of moderate-severe tricuspid regurgitation from 15% to 39%. #P < 0.001 vs. heart failure with preserved ejection fraction who did not develop persistent atrial fibrillation; P = 0.03 vs. Exam 1. AF, atrial fibrillation; HFpEF, heart failure with preserved ejection fraction; LAVI, left atrial volume index; RA, right atrial; TR, tricuspid regurgitation. 
Development of right ventricular dysfunction in heart failure with preserved ejection fraction
Right ventricular dysfunction is common in patients with HFpEF when assessed in cross sectional studies. 3,4,9,10 However, no study has yet evaluated longitudinal changes in RV function or structure in HFpEF. We observed that HFpEF patients displayed a substantial decline in RV function and even greater degree of RV dilation over a median interval of 4.0 years. Notably, these changes in the right heart structure and systolic function greatly exceeding corresponding changes in the left side of the heart. Of heart failure with preserved ejection fraction subjects with normal right ventricular function at baseline (n = 238), patients who developed right ventricular dysfunction had higher mortality rates than those who maintained right ventricular function overtime. HFpEF, heart failure with preserved ejection fraction; RVD, right ventricular dysfunction.
Take home figure Right ventricular dysfunction develops over time in patients with heart failure with preserved ejection fraction that initially present with isolated left ventricular dysfunction, and changes in right ventricular structure and function greatly exceed changes observed in the left side of the heart in these more advanced phases of disease. Development of right ventricular dysfunction is related to elevated pulmonary artery and left heart filling pressures, as well as common comorbidities in heart failure with preserved ejection fraction including atrial fibrillation, coronary disease, and obesity. Previous studies have established prevalent RVD as a predictor of adverse outcomes in people with HFpEF, 3, 4, 9, 10 but no study has yet evaluated the prognostic implications of the development of incident RVD, or determined which patients go on to develop RVD in longitudinal evaluation. In the current study, we demonstrate that incident RVD is associated with increased death in HFpEF, even among patients with normal RV function at baseline ( Figure 4B ). These data confirm the prognostic significance of RVD and suggest that therapies targeting the risk factors for development of RVD may prevent its genesis and thus improve clinical outcomes in HFpEF patients.
Mechanisms of right ventricular dysfunction in heart failure with preserved ejection fraction
Previous studies have reported that RVD in HFpEF was associated with the severity of PH, LV function, male gender, AF, CAD, obesity, and renal dysfunction. 3, 4, 7, [20] [21] [22] Although these risk factors are mechanistically plausible, clear cause-effect relationships remain unclear because all studies to date have been cross sectional analyses without repeat, within-subject assessments.
In the current study, numerous features present at Exam 1, including AF, higher body weight, CAD, adverse haemodynamics including higher LV filling pressures and PA pressures, and RV dilation were independently associated with development of RVD. These data support the notion that HFpEF patients with more advanced disease are more likely to develop incident RVD over time, and as such, RVD can be considered to be a reflection of greater disease progression in the HFpEF syndrome. PH is highly prevalent in HFpEF and associated with worse symptoms, reduced exercise capacity, and increased mortality. 23, 24 Given that the right ventricle is highly sensitive to afterload, PH is likely the most important mechanism of RVD in HFpEF. 3 The data from the current study shows that each 1 SD increment in PA systolic pressure was associated with 39-51% increased risk of development of RVD, and each 1 SD increment in PCWP was associated with a 98% increased risk for incident RVD. The reason for the somewhat greater association between incident RVD and higher PCWP is unclear, but may relate to the fact that PCWP increases RV afterload directly by increases in PA pressure due to passive PH and also indirectly by elevating RV pulsatile loading. 18 Elevated PCWP may also promote LA remodelling, increasing risk for AF, which we identified as a strong risk factor for incident RVD, and also lead to chronic LA dysfunction, which has been associated with RVD. 25 While the use of diuretics increased during follow-up period (40% at Exam 1 to 63% at Exam 2), decongestion still may have been suboptimal, as suggested by the persistent elevation in E/e 0 ratio (a surrogate for filling pressures) at Exam 2. Recent data have highlighted the importance of targeting high filling pressures with diuretics for symptom relief and to reduce hospitalizations in HFpEF. [26] [27] [28] The current data provide compelling support for this dictum by identifying a potentially important role of filling pressure reduction to reduce the risk of progression to chronic RV remodelling and dysfunction.
Right ventricular remodelling in heart failure with preserved ejection fraction Eccentric cardiac remodelling is not believed to be a major player in patients with HFpEF, at least in the left ventricle. 1 We confirm the absence of significant LV remodelling over time in the current study, though there was mild progression in LA dilatation ( Table 2 ). In contrast, we observed significant chamber remodelling in the right heart, evidenced by marked increases in RV diameter and diastolic area, and substantial increases in RA area. The deleterious changes in RV wall stress and chamber geometry associated with remodelling further worsen RV function, as observed in the HFpEF patients in the current study ( Figure 1D ). Right ventricular and RA dilatation increase tricuspid annular diameter to worsen tricuspid insufficiency (Figure 3) , which may further promote systemic venous congestion and impair left heart filling, particularly during exercise. 29 We also observed concomitant but significant lesser decline in LV systolic function in HFpEF patients. These data suggest that RV remodelling, as well as PH, may adversely impact left heart function through ventricular interdependence, as observed in patients with right heart failure due to acute pulmonary embolism, HFpEF patients with the pulmonary vascular disease, or obese-related HFpEF. 16, 30, 31 While afterload mismatch is clearly an important contributor to RVD, the development of RV failure is not simply explained by pulmonary hypertension alone. Development of RV dysfunction, myocyte apoptosis, fibrosis, and microvascular rarefaction are greater in animals with pulmonary vascular disease than in animals with isolated PA banding alone, even at the same degree of elevation in PA pressure load. 32 We observed that RVSP remained unchanged on average over time in patients with HFpEF, but the relationship between RV FAC and RVSP shifted downward at Exam 2 ( Figure 1C ). This relationship was also confirmed by RV FWLS (Supplementary material online, Figure S2 ). These findings suggest that RV dysfunction was caused by worsening myocardial dysfunction and not simply afterload mismatch, although our data cannot exclude the possibility that increases in RV afterload between the two examinations might have caused deterioration in RV function that was not evident from the single time point assessments.
Comorbidities and right ventricular dysfunction
Obesity is very common in HFpEF. When compared with non-obese HFpEF, obese HFpEF patients display greater burden of RV systolic dysfunction. 7, 16 The current study extends these data by showing that greater body mass is also associated with incident RVD in HFpEF. Obesity and increased adiposity may worsen RV function, possibly through plasma volume expansion, RV remodelling, inflammation, or by enhancing ventricular interdependence. 16 Further study is required to determine whether weight loss can reverse, mitigate or protect against the development of RV remodelling and dysfunction in HFpEF. 33 Coronary disease is also common and associated with poor outcomes in HFpEF. 34 Like obesity, CAD is associated with prevalent RVD in cross sectional HFpEF studies. 3, 4, 35 We observed that CAD predicts development of RVD in HFpEF, even in the absence of clinically-evident myocardial infarction. A recent study has demonstrated that cardiac injury in HFpEF is correlated with limitations in LV systolic and diastolic reserve in HFpEF, even in the absence of epicardial disease. 36 Taken together, these data suggest that ischaemia, whether due to epicardial or microvascular coronary disease, might also contribute to RVD. Revascularization may preserve LV function
Longitudinal changes in RV function in HFpEF in HFpEF. 34 Further study is required to determine if management of epicardial or microvascular coronary disease can improve or prevent adverse changes in RV structure and function. Atrial fibrillation is associated with high left filling pressure, exercise intolerance, and increased mortality in HFpEF. [37] [38] [39] We found that prevalent AF at baseline was associated with incident RVD in HFpEF, confirming and extending upon data from cross-sectional studies. 3, 4, 6, 21, 22 Elevation in left heart filling pressure in AF may adversely affect RV structure and function by increasing pulsatile load to the right ventricle, 18 inducing pulmonary vascular disease, 25 or both.
Similar to a previous study of prevalent RVD, 3 AF was associated with incident RVD independent of RVSP in the current study, suggesting that effects of AF on RV function are in part via a loadindependent mechanism. An important finding from the current study was that the development of new persistent AF was strongly associated with incident RVD in patients with HFpEF. This was also coupled with biatrial dilation and worsening TR, perhaps due to annular dilation ( Figure 3) . In addition to the rhythm irregularity, tachycardia, neurohormonal activation, and microvascular dysfunction, annular dilation secondary to AF might decrease basal RV contractile performance. 40 These data support implementation of clinical trials to evaluate whether restoring and maintaining sinus rhythm can prevent RVD or improve RV function in people with HFpEF.
Limitations
This is a retrospective study conducted in a tertiary referral centre. All patients were referred for cardiac catheterization, introducing referral bias, but this was deliberately chosen to ensure high specificity of diagnosis based upon either invasive confirmation or prior hospitalization for pulmonary oedema. RV function was assessed by FAC based alone based upon image availability, and further study is warranted to examine serial changes in RV function using other indices, in particular measures of longitudinal function such as systolic annular velocity or tricuspid annular plane systolic excursion, which were not available. Because echocardiograms were not obtained at prespecified intervals, we cannot determine the time to development of incident RVD. Future prospective studies with more frequent assessments at prespecified intervals would be useful to address this limitation. Invasive haemodynamics were not required for patients that had a history of HF hospitalization, and this reduced the sample size with invasive data, which may have limited power to determine whether invasive haemodynamic indicators of pulmonary vascular function are predictive of incident RVD. Patients with HFrEF were excluded from this analysis, so we cannot determine if the long-term changes in RV structure and function are specific to HFpEF or common to all patients with HF. Further study comparing HFpEF and HFrEF patients would provide greater insight into this question.
Conclusion
While HFpEF is often considered as a primary disorder of the left ventricle, we found that patients with this phenotype display relatively greater remodelling and deterioration in ventricular function over time in the right heart. Development of RVD is associated with adverse outcome and is linked to potentially modifiable risk factors, including AF, coronary disease, increased body weight, and abnormal cardiac haemodynamics. Clinical trials targeting these risk factors are indicated to determine whether RV structure and function can be maintained in order to improve clinical outcomes in patients with HFpEF.
